Originally, the family Microbacteriaceae was proposed with five genera including the type genus Microbacterium. Later, two more genera including Rathayibacter (Zgurskaya et al., 1993) and Agrococcus (Groth et al., 1996) were assigned to the family (Stackebrandt et al., 1997) . At present, a total of 35 genera have been classified into the family Microbacteriaceae. These members are isolated from diverse environments, including plants, soil, dairy products, sewage, mushrooms, insects and groundwater.
An air sample from outdoor air in the Suwon region of Korea was collected using an MAS-100 air sampler (singlestage multiple-hole impactor; Merck). The sampler was equipped with Petri dishes with R2A agar (BBL) amended with 200 mg cycloheximide ml 21 (Sigma). After 5 days of incubation, we isolated one bacterial strain, 5116S-4 T . The pure culture was maintained in 20 % (v/v) glycerol suspensions at 270 u C. The aim of the present study was to determine the taxonomic status of this isolate by using a polyphasic approach. The results of phenotypic, chemotaxonomic and phylogenetic analyses indicated that the isolate represents a novel species of a new genus in the family Microbacteriaceae.
The pH, temperature and NaCl concentration ranges for growth were determined using R2A medium. The pH (5.0-10.0 at intervals of 1.0 pH unit) of R2A broth was adjusted IP: 54.70.40.11 On: Tue, 19 Mar 2019 19:38:54 with 0.2 M citrate/phosphate buffer or 0.05 M Tris/ hydrochloride buffer (Breznak & Costilow, 1994) . Incubation temperatures were varied from 4 to 45 u C. NaCl concentration was raised up to 5 % [w/v]. Gram staining was determined using the Difco Gram staining kit, according to the manufacturer's instructions. The morphology of cells in the exponential phase of growth was investigated with an electron microscope (LEO model 912AB), after negative staining with 0.5 % (w/v) uranyl acetate. Catalase and oxidase activities were examined by bubble production in 3 % (v/v) hydrogen peroxide solution and 1 % (w/v) tetramethyl-p-phenylenediamine (bioMérieux), respectively. Casein, starch and tyrosine degradation was examined on R2A plates containing milk powder (5 %, w/v), starch (1 %, w/v) and tyrosine (0.1 %, w/v), respectively. CM-cellulose and Tween 80 degradation was examined using R2A supplemented with 1 % (w/v) of each substrate. DNase activity was determined with DNase test agar (Difco). Anaerobic growth was determined by incubation in the BBL GasPak Anaerobic System (Difco) for 14 days at 28 u C on R2A agar. Sensitivity of strain 5116S-4 T to antimicrobial compounds was tested by the disc-diffusion method after spreading cell suspensions (0.5 McFarland) on R2A agar plates. The antimicrobial compound discs (BD) contained: amikacin (30 mg), ampicillin (10 mg), cefotaxime (30 mg), cephalothin (30 mg), chloramphenicol (30 mg), ciprofloxacin (5 mg), erythromycin (15 mg), gentamicin (10 mg), imipenem (10 mg), kanamycin (30 mg), nalidixic acid (30 mg), netilmicin (30 mg), penicillin (10 mg), polymyxin (300 IU), rifampicin (5 mg), streptomycin (10 mg), tetracycline (30 mg) and vancomycin (30 mg). The effect of antimicrobial compounds on cell growth was assessed after 4 days at 30 u C. The diameter of the antibiotic discs was 8 mm. A strain was considered susceptible when the diameter of the inhibition zone was .13 mm, intermediate at 10-12 mm and resistant at ,10 mm. Enzyme activity, utilization of various carbon sources and acid production from substrates were tested in duplicate with commercial API ZYM, API 20NE, API ID 32GN and API 50CH kits (bioMérieux) according to the manufacturer's protocols. Cells of strain 5116S-4 T were aerobic, motile, Gram-staining-positive rods that measured 0.5-0.861.8-2.8 mm ( Fig. S1 , available in IJSEM Online). Circular and opaque light-yellow colonies were formed after 3 days on R2A agar at 30 u C. Cells grew on R2A, grew weakly on nutrient agar (NA), and did not grow on trypticase soy agar (TSA) or MacConkey agar (all from Difco). Other physiological properties are shown in the species and genus descriptions as well as Table 1 .
The 16S rRNA gene sequence of strain 5116S-4 T was determined by PCR amplification (Kwon et al., 2003) and direct sequencing (Hiraishi, 1992) . The nearly complete 16S rRNA gene sequence (1463 bp) was determined. Identification of phylogenetic neighbours and calculation of pairwise levels of 16S rRNA gene sequence similarity were achieved by using the EzTaxon server (http://www. eztaxon.org/; Chun et al., 2007) . A phylogenetic tree was drawn using MEGA version 5.0 (Tamura et al., 2011) as well as ARB (version December 2007; Ludwig et al., 2004) and the corresponding SILVA SSURef 106 database (release April 2011; Pruesse et al., 2007) . The aligned nucleotide positions without filter were used for phylogenetic analyses. Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum parsimony (Kluge & Farris, 1969) and maximum-likelihood (Tamura et al., 2011) algorithms. According to Fig. 1 , strain 5116S-4 T was grouped into one cluster including Amnibacterium, Labedella and Lysinimonas within the family Microbacteriaceae. This was also observed in the maximum-likelihood tree (data not shown For the analysis of whole-cell fatty acids, strain 5116S-4 T , A. kyonggiense KACC 15557 T and Labedella gwakjiensis KACC 14984 T were grown for 48 h at 28 u C in R2A to the exponential stage. Cells were saponified, the fatty acids were methylated and extracted, and the fatty acid methyl esters were determined by the protocols described by Sasser (1990) . The fatty acid methyl esters were identified and quantified by using TSBA 6 database (version 6.10) of the Sherlock Microbial Identification System (MIDI). Menaquinones and polar lipids were extracted and analysed by the method of Minnikin et al. (1984) using cells grown on R2A. Mycolic acids were extracted and analysed as described by Minnikin et al. (1980) . The acyl type of the cell wall was analysed according to the method of Uchida & Aida (1984) .
For peptidoglycan analysis, cells of strain 5116S-4 T and A. kyonggiense KACC 15557 T were grown in shake flasks containing liquid NBRC medium 802 [1.0 % polypeptone (Wako), 0.2 % yeast extract, 0.1 % MgSO 4 . 7H 2 O; pH 7.0] on a rotary shaker for 72 h at 30 u C. Cell-wall samples were prepared from approximately 1 g wet cells by mechanical disruption with an ultrasonic oscillator and glass beads. The cell walls were separated from unbroken cells by differential centrifugation in distilled water and further purified in boiling 4 % SDS (100 u C, 40 min) followed by several washings with distilled water. Molar ratios of the amino acids in cell-wall hydrolysates (4 M HCl, 16 h) were determined using the method described by Hamada et al. (2010) . The amino acid isomers in cell-wall hydrolysates were examined using the method described by Nozawa et al. (2007) using a liquid chromatograph-MS (model LCMS-2020; Shimadzu). The DNA G+C content was determined by HPLC (Mesbah et al., 1989) . The fatty acid composition was anteiso-C 15 : 0 (55.1 %), iso-C 16 : 0 (26.9 %), anteiso-C 17 : 0 (11.3 %), iso-C 14 : 0 (2.9 %), C 16 : 0 (2.0 %) and iso-C 15 : 0 (1.7 %). Menaquinones were MK-10 (40 %), MK-14 (29 %), MK-13 (20 %) and . The polar lipids were diphosphatidylglycerol (DPG), dimannosyldiacylglycerol (DMG), phosphatidylglycerol (PG), one unknown glycolipid, one unknown phospholipid and one unknown lipid (Fig. S2 ). Mycolic acids were absent. The acyl type of the cell-wall muramic acid was the acetyl type. The peptidoglycan of strain 5116S-4 T contained alanine (Ala), glutamic acid (Glu), glycine (Gly) and 2,4-diaminobutyric acid (DAB) in the molar ratio 0.7 : 1.0 : 1.1 : 1.8. Enantiomeric analysis showed the presence of D-Ala, D-Glu, Gly and L-DAB. In contrast, the peptidoglycan of A. kyonggiense KACC 15557 T had Ala, Glu, Gly, homoserine (Hsr) and DAB in the molar ratio 0.8 : 1.0 : 1.1 : 0.4 : 0.8. In addition, enantiomeric analysis revealed the presence of D-Ala, D-Glu, Gly, L-Hsr and L-DAB. These results suggest that the peptidoglycan of strain 5116S-4 T is of novel B1 type with L-DAB as the diagnostic diamino acid in the interpeptide bridge and an L-DAB at position 3 of the peptide subunit while that of A. kyonggiense KACC 15557 T is of typical B1b type with L-DAB as the diagnostic diamino acid in the interpeptide bridge and an L-Hsr at position 3 of the peptide subunit (Schleifer & Kandler, 1972) . The DNA G+C content of strain 5116S-4 T was 70.0 mol%.
Strain 5116S-4 T could be differentiated from closely related genera within the family Microbacteriaceae. It differed from Amnibacterium based on the difference of peptidoglycan type, the presence of DPG and glycolipids including DMG as the predominant polar lipids, the presence of MK-10 and MK-14 as the major menaquinones, the presence of a flagellum, and the absence of antesio-C 19 : 0 and summed feature 4 comprising anteiso-C 17 : 1 B and/or iso-C 17 : 1 I. Strain 5116S-4 T also differed from Labedella in that it had DAB as the diamino acid of the peptidoglycan, MK-13 and MK-14 as the major menaquinones, two glycolipids including DMG as the major polar lipids and was motile. Strain 5116S-4 T has the type B1 peptidoglycan, MK-10, MK-14, MK-13 and MK-12 as the menaquinones and is motile while Cryobacterium has the type B2c peptidoglycan, MK-8, MK-9, MK-10, MK-11 and MK-12 as the menaquiones, anteiso-C 15 : 1 A and iso-C 15 : 1 G, and is nonmotile. The differences between 5116S-4 T and the genus Lysinimonas lie in the peptidoglycan type, menaquinone composition, polar lipid patterns and motility. Based on phylogenetic and phenotypic evidence, strain 5116S-4 T represents a novel species of a new genus within the family Microbacteriaceae, for which the name Naasia aerilata gen. nov., sp. nov. is proposed. Table 1 . Differential characteristics of strain 5116S-4 T and closely related genera of the family Microbacteriaceae Taxa: 1, strain 5116S-4 T (data from this study); 2, Amnibacterium (Kim & Lee, 2011;  this study); 3, Cryobacterium (Suzuki et al., 1997; Zhang et al., 2007; Dastager et al., 2008; Reddy et al., 2010) ; 4, Labedella (Lee, 2007;  this study); 5, Lysinimonas (Jang et al., 2013) . All fatty acid data except for those of the genera Cryobacterium and Lysinimonas were obtained in this study with cells grown on R2A for 2 days. +, Positive; 2, negative; NA, not available; B, brown; LY, light yellow; Y, yellow; P, pink; UGL, unknown glycolipid; PL, unknown phospholipid; UL, unknown lipid. 10, 14, 13, 12 11, 12 8, 9, 10, 11, 12 10, 11, 9, 7 12(H 2 Description of Naasia gen. nov.
Naasia (Na.a9si.a. N.L. fem. n. Naasia derived from the abbreviation NAAS, for the National Academy of Agricultural Science, where taxonomic studies of this taxon were conducted).
Cells are aerobic, Gram-staining-positive and non-sporeforming rods. Branching or mycelium formation does not occur. The predominant menaquinones are MK-10, MK-14, MK-13 and MK-12. Peptidoglycan in the cell wall is of the type B1 with DAB as diamino acid. Polar lipids contain DPG, DMG, PG, one unknown glycolipid, one unknown phospholipid and one unknown lipid. Mycolic acids are not present. The acyl type of the cell-wall muramic acid is the acetyl type. The cellular fatty acid profile is dominated by anteiso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 17 : 0 . Phylogenetically, the genus belongs to the family Microbacteriaceae, suborder Micrococcineae. The type species is Naasia aerilata.
Description of Naasia aerilata sp. nov.
Naasia aerilata (a.e.ri.la9ta. L. n. aer air; L. part. adj. latus -a -um carried; N.L. fem. part. adj. aerilata airborne).
Cells are rods, 0.5-0.8 mm in width and 1.8-2.8 mm in length. Colonies are circular and opaque light-yellow. Grows on R2A, weakly on NA, and does not grow on TSA or MacConkey agar. Catalase-negative and oxidase-positive. Grows at 10-37 u C, at pH 6-9 and in the presence of 0-1 % (w/v) NaCl. Optimal growth occurs at 30 u C, at pH 7.0 and without NaCl. Does not hydrolyse casein, chitin, CM-cellulose, DNA, hypoxanthine, starch, Tween 80, tyrosine or xanthine. Positive for nitrate reduction, aesculin hydrolysis and b-galactosidase, and negative for indole production, glucose fermentation, arginine dihydrolase, urease and gelatin hydrolysis (API 20NE). Assimilates D-glucose, D-mannose, D-mannitol, D-ribose, sucrose, lactic acid, glycogen, L-fucose, D-sorbitol and potassium 2-ketogluconate, but does not assimilate L-arabinose, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, trisodium citrate, phenylacetic acid, L-rhamnose, inositol, itaconic acid, suberic acid, sodium malonate, sodium acetate, L-alanine, potassium 5-ketogluconate, 3-hydroxybenzoic acid, L-serine, salicin, melibiose, propionic acid, valeric acid, L-histidine, 3-hydroxybutyric acid, 4-hydroxybenzoic acid or L-proline (API 20NE and 32GN) . Positive activities for leucine arylamidase, valine arylamidase, acid phosphatase and a-glucosidase, but negative for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BIphosphohydrolase, a-galactosidase, b-galactosidase, bglucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase (API ZYM). Produces acids from L-arabinose, D-ribose, D-xylose, D-glucose, Dfructose, D-mannose and L-rhamnose, but not from glycerol, erythritol, D-arabinose, L-xylose, D-adonitol, methyl-b-Dxylopyranoside, D-galactose, L-sorbose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl-a-D-mannopyranoside, methyla-D-glucopyranoside, N-acetylglucosamine, amygdalin, arbutin, aesculin ferric citrate, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, inulin, melezitose, raffinose, starch, glycogen, xylitol, gentiobiose, turanose, D-lyxose, Dtagatose, D-fucose, L-fucose, D-arabitol, L-arabitol, potassium gluconate, potassium 2-ketogluconate or potassium 5-ketogluconate. Sensitive to cefotaxime, chloramphenicol, erythromycin, imipenem, penicillin, rifampicin, tetracycline and vancomycin.
The type strain, 5116S-4 T (5KACC 15517 T 5NBRC 108725 T ), was isolated from an air sample collected in Suwon region, Republic of Korea. The DNA G+C content of the type strain is 70 mol%.
